Candidate sample masses for TGA experiments
The sample masses for the initial TGA characterisation for the candidate materials are shown in Table S1 . Candidate materials obtained from the screening
The 108 materials obtained after restricting the screening results to those involving only single oxide to oxide reactions, containing relatively safe and abundant elements, are summarised in Table S2 . Materials that are particularly interesting due to their oxygen capacity or T reduction at p O 2 = 0.21 bar are shown in bold. 
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Effect of heating rate on TGA experiments Figure S1 shows the mass as a function of time and temperature for cycles of heating and cooling in the TGA with air injected through the reaction gas port. Owing to mixing in the TGA the actual concentration of oxygen at the surface of the sample would be approximately 1.5 ×10 4 Pa. The mass change of the sample is small so some influence due to the slight drift in the balance can be observed. However, it can be seen that the mass of sample at a given temperature is largely independent of the heating rate used on heating, and the mass rise on cooling at 20 K min −1 follows the mass loss on heating at different heating rates, with little hysteresis. This indicates that the sample is coming to equilibrium with the instantaneous temperature and local partial pressure and that in this experiment there is little lag, with all heating rates showing similar mass vs sample temperature curves on heating. The exception is perhaps the heating rate at 20 K min −1 per minute in these particular experiments, which shows a small amount of hysteresis. However, when a higher sample mass was used, as in the original data presented in Figure 3 of the manuscript (where the initial mass of sample was 15.8 mg), such hysteresis was not observed. to 1173 K and then cooled to 50 K at 20 K min −1 . (a) and (b) second set of cycles, (c) third set of cycles. The cycles within a set were carried out in a random order.
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Microstructure of SrFeO 3-δ
Secondary and backscattered electron micrographs were collected using a field emission gun scanning electron microscope (Zeiss) operating at an accelerating voltage of 2.4 kV. SEM images of the as-prepared SrFeO 3-δ sample are shown in Figure S2 . As expected from a close packed oxide material, there is negligible porosity or surface area observed in the sample. Figure S2 : SEM images of the SrFeO 3-δ sample.
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XRD of reduced candidate phases XRD diffractograms of the as-prepared samples of BaBiO 3 and BaCoO 3 , as well as the samples after reduction under N 2 , are shown in Figure S3 . In both cases, the reduction reactions proceed as predicted by the Materials Project, to Ba 2 Bi 2 O 5 and BaCoO 2 respectively. Figure S3 : XRD diffractograms (λ=1.5405Å) for BaBiO 3 and BaCoO 3 , both before and after reduction. In both cases, the phases remaining after reduction, Ba 2 BiO 5 and BaCoO 2 respectively, match the predicted reduction reaction from the Materials Project.
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Oxygen content of SrFeO 3-δ TGA experiments were performed on the as-synthesised SrFeO 3-δ sample (17 mg) under reducing 5% H 2 in N 2 gas flow to determine the oxygen content, the result of which is shown in Figure S4 . The sample was removed after the first significant mass loss, corresponding to complete reduction to SrFeO 2.5 . Subsequent XRD of the retrieved sample confirmed this full reduction to the brownmillerite phase. From the measured mass loss corresponding to this transition, the initial stiochiometry of the phase was determined to be SrFeO 2.78 . The additional reduction in mass upon further heated is attributed to further reduction of the brownmillerite phase (which is only possible under such strongly reducing conditions used here). to 1173 K. The experiment was terminated after the first significant mass loss, corresponding to complete reduction to SrFeO 2.5 .
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Isothermal pressure swing studies of SrFeO 3-δ TGA traces during isothermal pressure swing are shown in Figure S5 , with all masses are normalised on the mass of the most oxidised sample in air at 473 K. 
